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Abstract
This study was conducted to estimate the amount 
of ammonia that was emitted during the acidulocom-
posting of garbage under thermoacidophilic condi-
tions. In addition, the carbon and nitrogen balances 
of the acidulocomposting system were determined. 
During acidulocomposting, the mixture of garbage 
and sawdust was maintained at a relatively high tem-
perature (51.0-68.0 °C), while the pH of the mixture 
changed from 4.5 to 5.7. Furthermore, ammonia 
emission during acidulocomposting was inhibited, 
which resulted in an overall decrease in the loss of 
ammonia. Finally, the dry weight and carbon losses 
that were observed during acidulocomposting were 
smaller than those that were observed during general 
composting and the mineralization of organic matter 
in the garbage was suppressed.
1. Introduction
Approximately 590 million tons of waste were gen-
erated in Japan in 2001, 47% of which was biological 
waste (Goto, 2005) composed of livestock waste, 
garbage and sludge. These types of biological waste 
contain high levels of nutrients such as nitrogen, 
phosphorus, potassium and other various minerals; 
therefore, they can cause environmental problems 
such as water pollution and malodorous pollution. 
Thus it is necessary to establish alternative methods 
of treating biological waste.
Composting biological waste is a common method 
that enables its effective utilization. The compost 
formed can be used by the agricultural industry as an 
organic fertilizer, and is one of the important com-
ponents in recycling-oriented agricultural systems. 
However, a large amount of nitrogen loss occurs dur-
ing the composting process due to the emission of 
ammonia. This emission occurs because the compost-
ing process generally proceeds under alkaline condi-
tions (pH 7.5-9). Indeed, gaseous nitrogen losses dur-
ing the composting of garbage, livestock and sludge 
have been estimated to be 50-60%, 77% and 68%, 
respectively (Kirchmann and Widén, 1994; Brink, 
1995; Martins and Dewes, 1992; Witter and Lopez-
Real, 1988). Ammonia emission during the compost-
ing process results in the loss of an essential plant 
nutrient. In addition, ammonia emission may lead to 
environmental problems such as eutrophication of 
nearby aquatic systems and soil acidiﬁ cation because 
most of the emitted ammonia returns to the surface 
with rainfall in the form of ammonium.
Nishino et al. (2003) proposed a new, highly practi-
cal method of accelerated high-temperature (40-65 
°C) composting of garbage, which was named acidu-
locomposting. Acidulocomposting is autonomously 
sustained under acidic conditions (pH 4-6) via the 
production of acid by thermophilic lactic acid bacte-
ria (Hemmi et al., 2004). Although low pH conditions 
are known to lead to a reduction in ammonia emis-
sion, to date, no studies have been conducted to deter-
mine if acidulocomposting leads to reduced ammonia 
emissions. Therefore, this study was conducted to 
quantify the amount of ammonia emitted during the 
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acidulocomposting of garbage. In addition, the car-
bon and nitrogen balances of an acidulocomposting 
system were determined.
2. Materials and methods
2. 1. Equipment
Acidulocomposting was conducted using a “Bio-
Clean” (2 kg-type, Star Engineering Co., Ltd.). This 
system contains a reactor that can treat a maximum 
of 2 kg of garbage per day. The reactor contains three 
rotating bars that agitate the garbage, as well as a 
heater with a thermostat that enables a constant tem-
perature to be maintained (Fig. 1). In addition, a con-
trol sample was composted using a small composting 
apparatus (“Kaguyahime”, Fujihira Industry Co., 
Ltd.; Fig. 1).
2. 2. Garbage
Standard garbage composed of mixed boiled rice 
(15%), ﬁ sh (12%) and vegetables (73%) was used for 
the composting tests (Japan Food Recycling Proces-
sor, 2006). The ﬁ sh and vegetables were ﬁ nely cut in 
a food processor ﬁ tted with steel blades.
2. 3 Composting experiments
2.3.1. Short-term experiment
A short-term experiment was conducted to compare 
the amount of ammonia emitted during acidulocom-
posting to the amount emitted during general com-
posting. To accomplish this, garbage was subjected to 
acidulocomposting or control composting for 21 days. 
Each experiment was conducted in duplicate. In the 
acidulocomposting experiment, 2 kg of sawdust that 
had been inoculated with thermoacidophilic bacteria 
(TAB) were added to the reactor prior to addition of 
the garbage (Nishino et al., 2003). On each day dur-
ing the experiment, 1 kg of garbage was added to the 
machine at approximately 10:00 h. The water con-
tents of the garbage and sawdust were approximately 
85 and 75 %, respectively. For the control compost-
ing test, a mixture of 7.36 kg of garbage and 0.71 kg 
of inoculated sawdust were added to the composting 
apparatus. This mixture ratio was used to provide 
approximately the same ratio of garbage to sawdust 
that was present in the mixture that was subjected to 
acidulocomposting at the end of the experiment. 
The temperature of the mixture in the reactor was 
measured every day. In addition, the mixture was 
turned and sampled at 7, 14 and 21 days after com-
posting was started. The weight, moisture content and 
pH of the samples were subsequently determined. In 
addition, aliquots of the samples were freeze-dried 
and ﬁ nely ground, after which the total nitrogen and 
carbon contents were determined using a NC ana-
lyzer (Sumigraph NC-80S, SCAS Ltd.). Additionally, 
an apparatus designed to trap ammonia in the exhaust 
gas of the reactors was connected to each machine 
(Kuroda et al., 2004; Fig. 2). The sulfuric acid solu-
tion and accumulated water were then collected from 
the machines cooling ﬂ ask at intervals of 3 days, after 
which the ammonia concentration of the liquid sam-
ples was determined using the indophenol method 
(Scheiner, 1976).
2.3.2 Long-term experiment
A long-term experiment was conducted to clarify 
Fig. 1. Diagram of the acidurocomposting and the 
control composting machine. M: mixture, E: 
exhaust vent, a: rotating bar, b: heater with 
thermostat, c: fan, d: temperature data log-
ger, e: rod with thermocouple wires, f: trap 
for accumulated water, g: aeration pump, h: 
stainless-steel mesh. Dashed arrow shows 
direction of air ﬂ ow.
Fig. 2. Diagram of the apparatus for trap of ammonia 
in exhaust gas. a: connector  to exhaust vent 
of composting machine, b: ﬂ ask for cooling 
of exhaust gas, c: reagent bottle with 6 mol 
L-1 sulfuric acid for ammonia trap, d: aeration 
pump (only the  acidulocomposting test)
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the effect of TAB on acidulocomposting. To ac-
complish this, the same garbage that was used in the 
short-term experiment was subjected to acidulocom-
posting under the same conditions described above 
for 68 days. However, TAB-inoculated or non-inoc-
ulated sawdust was added to the reactors prior to the 
ﬁ rst addition of garbage. The temperature and pH of 
the mixture in the reactor were then measured every 
day. In addition, samples of the mixture were collect-
ed every 2-6 days, after which the weight, moisture, 
nitrogen and carbon contents were determined as de-
scribed above.
3. Results and Discussion
3.1 Short-term experiment
Figure 3 shows the changes in the temperature and 
pH of the mixtures throughout the experiment. Dur-
ing the experiment, the temperature of the control 
compost fluctuated widely between 17.4 and 63.3 °
C. The temperature likely increased at the beginning 
of the experiment and during turning in response to 
increased aerobic microbial activity. Conversely, the 
temperature of the mixture during the acidulocom-
posting remained relatively constant (51.0- 68.0 °C) 
throughout the experiment due to the heater attached 
to the reactor. The initial pH of the experimental mix-
ture was approximately 5.7. In the acidulocomposting 
experiment, the pH decreased to 4.5 after 7 days, after 
which it increased to 4.7, where it remained for the 
duration of the experiment. In contrast, the pH of the 
mixture in the control compost increased to 8.5-8.7, 
where it remained for the duration of the experiment. 
The acidification of the mixture in the acidulocom-
posting treatment likely occurred due to the produc-
tion of organic acids such as lactic acid. The increase 
in the pH of the mixture in the control treatment like-
ly occurred due to the decomposition of organic acid 
and the presence of ammonia formed during miner-
alization. Additionally, the compost mixtures became 
brown in both treatments. Furthermore, the control 
compost mixture had an ammonia-like odor, while 
the acidulocomposting treatment had a caramel-like 
and weak burning smell, which is commonly reported 
for acidulocompost mixtures (Nishino et al., 2003).
Figure 4 shows the amount of ammonia that was 
trapped by the 6 mol L-1 sulfuric acid solution and 
the accumulated water. Up to 2.3 mg g-1 ammonia 
was emitted from the control compost, while the cu-
mulative amount emitted for 21 days was 8.2 mg g-1. 
Conversely, almost no ammonia was emitted during 
acidulocomposting. It is believed that the reduced 
ammonia emissions that were observed during acidu-
locomposting occurred due to the acidic conditions. 
Taken together, these results suggest that the acidu-
locomposting system is able to suppress ammonia 
emission during the composting of garbage.
During the control composting experiment, the dry 
weight of the mixture decreased by 43 % after 21 
days (Fig. 5). This drastic decrease likely occurred 
due to active decomposition of the organic matter in 
the mixture by microorganisms. Conversely, the dry 
weight of the compost mixture was almost the same 
as the input weight of the garbage and sawdust at the 
end of the acidulocomposting experiment, with only 
Fig. 3. Changes in temperatures and pH of the mixture during the composting in 21 days. Vertical 
lines indicate the standard deviation (n=2). Allows indicate a day of turning of mixture. 
Asterisk indicates signiﬁ cantly difference between the acidurocomposting and the control 
composting treatments (Student's t-test, ** P=0.01) 
 ??: Acidulo,??       : Control, ----- : Ambient.
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Fig. 4. Changes in amount of ammonia emission from the mixture during  the composting. Vertical lines 
indicate the standard deviation (n=2). Asterisk indicates signiﬁ cantly difference between the two 
treatments (Student's t-test, ** P=0.01, * P=0.05).
Fig. 5. Changes on percentage of dry weight of  the mixture to input during the composting. Vertical lines 
indicate the standard deviation (n=2). Asterisk indicates signiﬁ cantly difference between the two 
treatments (Student's t-test, ** P=0.01, * P=0.05).
Fig. 6. Changes on percentage of carbon and nitrogen of  the mixture to the input those during  the 
composting in 21 days. Vertical lines indicate the standard deviation (n=2). Asterisk indicates 
signiﬁ cantly difference between the two treatments (Student's t-test, ** P=0.01, * P=0.05).
??: Acidulo,??       : Control.
??: Acidulo,??       : Control.
??: Acidulo,??       : Control.
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a 5 % decrease in dry weight being observed. These 
results suggest that very little mineralization of the 
organic matter occurred during acidulocomposting, 
which was supported by changes in the carbon con-
tents of the mixture that were observed throughout 
the experiment (Fig. 6). Specifically, approximately 
43 % of the carbon was lost after 21 days during the 
control composting experiment, whereas only 5 % 
of the carbon was lost during the acidulocomposting 
experiment. The nitrogen loss was also lower in the 
acidulocomposting experiment when compared with 
the control experiment. Speciﬁ cally, a 2% reduction 
in nitrogen occurred during the acidulocomposting 
experiment, while a 44% reduction occurred during 
the control composting experiment (Fig. 6). Taken 
together, these results suggest that the ammonia emis-
sion was inhibited by the acidic conditions as well 
as the inhibition of nitrogen mineralization of the or-
ganic matter in the mixture. 
3.2 Long-term experiment
Figure 7 shows the changes in the temperatures 
and pH of the mixtures that occurred when compost-
ing was conducted for 68 days. The temperatures 
and pHs differed signiﬁ cantly between samples that 
were inoculated with TAB and those that were not. 
Speciﬁ cally, the temperature of the mixture changed 
from 49 to 67 °C for both treatments. In addition, the 
composting proceeded under acidic conditions for 
both treatments; however, the pHs of the mixtures de-
creased from approximately 5.7 to 4.8 after 10 days, 
and ﬁ nally to 4.0.
Figure 8 shows the changes in the dry weight of 
the mixture and the cumulative input throughout the 
experiment. Inoculation with the TAB based material 
did not have a signiﬁ cant effect on the dry weight of 
the mixture. Speciﬁ cally, the dry weight of the cumu-
lative input material over 68 days was approximately 
13.1 kg for both treatments. The dry weight of the 
mixtures was reduced by 8.3 and 5.3% after 68 days 
to 12.0 and 12.4 kg for the TAB inoculation and non-
inoculation treatments, respectively. Both mixtures 
were brown during the early stage of acidulocom-
posting, after which they turned blackish brown. The 
overall appearance of the compost mixture did not 
differ between the two treatments.
Figure 9 shows the changes in the carbon content 
of the mixture and the cumulative amount of input 
carbon over the course of the experiment. The cumu-
lative amount of input carbon was 6.3 kg at the end of 
the composting test, while the carbon contents of the 
compost mixtures were 6.0 and 6.3 kg for the TAB 
inoculation and non-inoculation experiments, respec-
tively. The carbon loss that occurred during com-
posting did not differ signiﬁ cantly between the TAB 
inoculation and non-inoculation treatments. These re-
sults suggest that carbon mineralization of the organic 
matter in the mixture was inhibited in both treatments 
as in the short-term experiment. In addition, the ni-
trogen content of the compost mixtures did not differ 
significantly between treatments, and nitrogen loss 
did not occur in either treatment group (Fig.10). 
Figure 11 shows the changes in the carbon-nitro-
gen ratio (C/N ratio) of the mixtures that occurred 
throughout the experiment. The initial C/N ratios of 
the mixtures were very high (> 1000) for both treat-
ment groups. However, the C/N ratio of the mixture 
was drastically reduced to around 100 within two 
days of the addition of garbage. Furthermore, the C/N 
ratio of the compost formed was finally reduced to 
18, which was similar to that of the untreated garbage 
(about 16.3). Thus TAB inoculation of the treated ma-
terial did not affect the chemical characteristics of the 
mixture produced during accelerated high-temper-
ature composting. Furthermore, acidulocomposting 
proceeded regardless of the use of TAB inoculation 
in this experiment, which indicates that TAB inocula-
tion was not necessary for acidulocomposting to oc-
cur. However, in this regard, we cannot rule out the 
possibility that the microorganism used in the TAB 
inoculation experiment was transported to the non-
inoculation experiment.
Signiﬁ cant decreases in the dry weight and carbon 
and nitrogen content were not observed during acidu-
locomposting in the short or long-term experiments. 
The small amount of nitrogen loss that occurred 
during acidulocomposting may be advantageous for 
the environment and the nitrogen content of the com-
post that is produced. However, the small amount of 
carbon loss that occurred during acidulocomposting 
indicates that easily decomposable organic matter 
was present in the compost that was generated. As 
a result, the acidulocompost was considered similar 
to immature compost. Application of compost with 
a high content of easily decomposable organic mat-
ter could cause problems such as nitrogen deﬁ ciency 
in crops and the production of noxious substances 
(Mathur et al., 1993). In fact, Ito and Minamide 
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Fig. 7. Changes in temperatures and pH of the mixture during the composting in 68 days.
 ??: TAB inoculation, ?? : non-inoculation.
Fig. 8. Changes in dry weight of the mixture and the 
cumulative input  during  the composting in 
68 days. Vertical lines indicate the standard 
deviation (n=2). 
Fig. 9. Changes of carbon content in the mixture and 
the cumulative amount of input carbon during 
the composting in 68 days. Vertical lines 
indicate the standard deviation (n=2). 
Fig. 10. Changes of  nitrogen content in  the mixture 
and the amount of  cumulative input carbon 
during the composting in 68 days.  Vertical 
lines indicate the standard deviation (n=2). 
Fig. 11. Changes of carbon-nitrogen ratio of the 
mixture during thecomposting in 68 days. 
Vertical lines indicate the standard deviation 
(n=2). Dash line indicate C/ N ratio of input 
garbage.
??      : TAB inoclation,??       : non-inoculation, 
----- : input.
??      : TAB inoclation,??       : non-inoculation, 
----- : input.
??      : TAB inoclation,??       : non-inoculation, 
----- : input. ??      : TAB inoclation,??       : non-inoculation.
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(unpublished results) reported that the early growth 
of Komatsuna (Brasica rapa L. var. perviridis) was 
suppressed by the application of acidulocompost. 
However, Tatenai et al. (2006) reported that the ap-
plication of acidulocompost enhanced the growth and 
tuber yield of potato (Solanum tuberosum L.). Taken 
together, these previously conducted studies indicate 
that the response of crops to the application of acidu-
locompost varies by species. Therefore, additional 
studies should be econducted to evaluate the effect of 
the application of acidulocompost on crop plants.
The results of the present study indicate that the 
acidulocomposting system evaluated here resulted in 
reduced nitrogen loss during composting due to the 
inhibition of ammonia emission. However, carbon 
loss was also reduced by inhibition of the mineraliza-
tion of organic matter in the treated garbage.
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